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ABSTRACT
A study that involved DNA sequencing of COI-COII intergenic region of 
the mitochondrial DNA genome of Apis mellifera honey bees from Turkey was 
conducted to determine the population genetics and phylogeographic structure 
of this species from seven distinct areas of Turkey. From the 132 honey bees sub-
jected to DNA sequencing, a total of 12 mitotypes of A. mellifera “C” lineage 
were observed, of which only one mitotype, C13, had been reported previously. 
The most common mitotype, C12, accounted for 47% of the Apis mellifera “C” 
lineage samples and was found in 13 of the 22 sampled locations. This mitotype 
was also the basal ancestral mitotype based on TCS spanning tree analysis. The 
greatest amount of genetic diversity was observed in Bursa, where 4 mitotypes 
of the A. mellifera “C” lineage were unique to this location. Wright’s F-statistics 
revealed that Artvin and Bursa were the most genetically distinct locations relative 
to the other sampled locations. Applying a molecular clock, Turkish A.mellifera 
“C” lineage mitotypes have been diverging for approximately 10,000 to 16,500 
yr. based on phylogenetic analysis. In addition, two A. m. syriaca samples were 
observed from Hatay, Turkey. Phylogenetic analysis which included other A. mel-
lifera subspecies confirms the subspecies relationships of A. mellifera “C” lineage, 
and A. m. syriaca. This study corroborates other studies that show Turkey to be 
a reservoir of genetically distinct populations of A. mellifera “C” lineage, which 
can be useful for developing genetic conservation strategies for A. mellifera.
Keywords: Apis mellifera, COI-COII intergenic region, genetic variation, 
Turkey, phylogeography
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INTRODUCTION
Apis mellifera L. is native to Europe, Africa, and Asia (including Saudi Ara-
bia, Iran and the Ural Mountains of Russia).  Currently the species is widely 
distributed across the world due to multiple migrations and introductions 
(Ruttner 1988).  A. mellifera includes about two dozen subspecies that are 
present in different regions of the world.  These subspecies have been classified 
into four main lineages:  C (Carnica group that includes A. m. carnica and 
A. m. ligustica); M (North and Western European honey bees that include 
A. m. mellifera, A. m. iberica, and A. m. intermissa); A (African group that 
includes A. m. scutellata, A. m. capensis, A. m. lamarckii, A. m. litorea, A. 
m. adansonii, and A. m. unicolor); and the O group (Oriental group which 
groups A. m. anatolica, A. m. caucasica, A. m. syriaca, A. m. pomonella, and 
A. m. cypria) (Ruttner 1992).  At the molecular level, these subspecies are 
genetically divergent based on nuclear and mitochondrial DNA sequence 
data.  They each have specific behavioral and morphometrical characteristics, 
and can interbreed because they are the same species.
In the Old World, studies of honey bee genetic diversity have been con-
ducted in Turkey (Kandemir et al. 2006, Bodur et al. 2007), Africa (Franck et 
al. 2001), and Australia (Chapman et al. 2008).  It is particularly important to 
study their genetic diversity to determine patterns of migration, selection and 
diversification at local levels.  Several studies have generated mitochondrial 
DNA (mtDNA) information that has provided insights into subspecies in-
habiting particular regions.  In a study conducted on seven regions of Turkey, 
according to Dra I profiles of the COI-COII region, pattern C predominated 
(97.9%) which corresponds to A. m. carnica / A. m. ligustica (Kandemir et 
al. 2006).  Profile A was observed in Hatay in 6 of 24 colonies (1.8%) which 
corresponded to the African subspecies (Kandemir et al. 2006); however, 
this study was limited by the fact that only one restriction enzyme was used, 
which reduced the amount of genetic variation that could be detected.
The objective of our study was to determine the population genetic and 
phylogeographic structure extent of honey bees from Turkey based on COI-
COII mtDNA sequence data, and to determine if there are any genetically 
distinct populations which may be used to develop genetic conservation 
strategies of A. mellifera.
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MATERIALS AND METHODS
Adult worker specimens were collected from seven regions of Turkey and 
stored in 100% ethanol until processed for DNA extraction (Table 1, Fig. 1). 
Voucher specimens are deposited at the Arthropod Museum, Department of 
Entomology, University of Arkansas, Fayetteville, AR, USA.    
Genomic DNA from individual honey bee thoraces was extracted using 
the Qiagen DNeasy extraction kit (QIAGEN, Valencia, CA) according to 
the manufacturer’s protocol and per Szalanski & McKern (2007).  A 570 to 
640 bp region of the COI-COII intergenic region was PCR amplified in a 
Techne T-412 thermal cycler (Techne Inc, Burlington, NJ) using primers E2 
and H2 (Garney et al. 1993).  PCR was conducted following the profile of 
35 cycles of 94oC for 45 s, 46oC for 45s, and 72oC for 45s.  Amplicons were 
separated in 1% agarose gel electrophoresis and photo documented using a 
BioDoc-It™ Imaging System (UVP, Inc., Upland, CA).  PCR products were 
purified using Microcon-PCR Filter Units (Millipore, Bedford, MA), and 
sent to the University of Arkansas Medical Sciences DNA Sequencing Core 
Facility (Little Rock, AR) for direct sequencing in both directions.  Sequences 
new to this study were deposited in GenBank as accession numbers FJ037776 
to FJ037787.
DNA sequences were aligned with CLUSTAL W (Thompson et al. 1994) 
using Bioedit v5.0.7 (Hall 1999).  Number of mitotypes and their frequen-
cies were determined both visually and with the program DNAsp version 
Fig. 1. Sampling locations in seven geographical regions of Turkey for Apis mellifera “C” lineage, and 
A. m. syriaca and the number of colonies (n) from each sample location.
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4.10.9 (Rozas et al. 2003).  DNAsp also estimated the following variables: 
haplotypic diversity (Hd) and its variance, equation 8.4 and 8.12 of Nei 
(1987), nucleotide diversity (π) and its variance, equation 10.5 and 10.7 of 
Nei (1987), Nei’s Nm and Wright’s FST values.  Nucleotide diversity was 
interpreted as the average proportion of nucleotide differences between all 
possible pairs of sequences in the sample (Hartl & Clark 1997), mean number 
of pairwise nucleotide differences (K) equation A3 (Tajima 1983), number 
of polymorphic sites (S), and the parameters Θs and Θg.  The parameter θ is 
the proportion of nucleotide sites that are expected to be polymorphic in 
any suitable sample from this region of the genome (Hartl & Clark 1997). 
To test for neutral mutation, Tajima’s D (Tajima, 1989), and Fu and Li's D* 
and F* (Fu & Li 1993) were calculated.  Tajima’s D was calculated using the 
value of Θs based on the number of segregating sites. To examine demographic 
stability, Fu’s Fs statistic (based on mitotype distribution) was used.
Levels of gene flow were determined through the effective number of 
migrants (Nm) between locations in DNAsp using Nei (1982).  Genealogy 
of mitotypes was determined using the method of Templeton et al. (1992), 
which represents the evolutionary steps between mitotypes, using TCS v 
1.21 (Clement et al. 2000). The distance matrix option of PAUP* 4.0b10 
(Swofford, 2002) was used to calculate genetic distances according to the 
Tajima-Nei model (Tajima & Nei 1984).  
RESULTS AND DISCUSSION
Twelve mitotypes of A. mellifera “C” lineage were found throughout the 
six regions of Turkey sampled, and were designated as C12-C24 (Tables 1-2). 
In addition one mitotype of A. m. syriaca was observed from Hatay. Among 
the 12 “C” lineage mitotypes, a total of 15 nucleotide sites were polymorphic 
(Table 2). The most abundant mitotype was C12 (49%) and occurred in 12 
locations (Table 1).  Two mitotypes, C15 and C24, only occurred once. All 
of the mitotypes observed in this study have not been previously reported 
with the exception of mitotype C13, which is present in the Marmara, Black 
Sea, and Central Anatolia regions, and was previously reported as TrDra-3 
by Kandemir et al.( 2006) .
Genetic divergence among mitotypes was calculated and ranged from 
0.24 to 0.38%. Based on a mtDNA molecular clock value of 2.3% genetic 
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divergence per million years (Brower 1994), the divergence time among 
mitotypes ranged from 10,000 yr to 16,521 yr.  Haplotypic diversity was 
highest in Gökçeada and Bursa (Table 1).  Nucleotide diversity (π) was also 
low, and so were the average number of pairwise nucleotide differences (K), 
and theta per site and per gene, whose values were the same, therefore they 
are represented in the same column (Table 3).    
The hypothesis of neutral mutation that was tested with multiple statis-
tics, where populations have a constant size, proved true and therefore no 
assumptions on population growth or selection can be made (Table 3). Gene 
flow calculated thru the Nm was highest between Sakarya and Kirklareli, and 
between Hiresun, Sakarya and Bursa (Table 4). Wright’s FST statistic revealed 
that Artvin is the most genetically distinct population, followed by Bursa and 
Sakarya (Table 4). This gives genetic support that these populations need to 
be considered for conservation of honey bee genetic diversity in Turkey.     
Table 1. Sampling locations and mitotype frequencies (n) of Apis mellifera from Turkey.
Region (n) Location Mitotype (n)
Marmara (79) Kirklareli
Canakkale(Gökçeada)
Bursa
Sakarya
C12(10)
C12(3), C13(4), C14(4)
C12(1), C18(17), C19(3), C20(3), 
C21(4)
C12(24), C13(1), C15(1), C17(4)
Aegean (2) Izmir
Mugla
C12(1)
C12(1)
Black Sea (26) Giresun
Artvin
Duzce 
C12(9)
C11(16)
C12(1)
Central Anatolia (2) Ankara 
Sivas
C19(1)
C13(1)
South East Anatolia (7) Diyarbakir
Silvan
Batman
Bitlis
Sirnak
Gaziantep
Adiyaman
C24(1)
C12(1)
C19(1)
C11(1)
C12(1)
C19(1)
C12(1)
Medditerranean (13) Hatay C11(1), C12(8), C22(2), ams1(2)
Eastern Anatolia   (2) Erzincan
Hakkari
C11(1)
C11(1) 
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TCS spanning network 
of mitotypes revealed that 
mitotype C12 was the basal 
mitotype, which was only one 
base pair different from eight 
other mitotypes (Fig. 2).  Mi-
totype C12 can be considered 
as the basal ancestral mitotype 
because it is located at the base 
of the genealogy.  Mitotype 
C21 was the most distantly 
related to C12, with five base 
pair differences, and only 
occurred in Bursa (Marmara 
region).  Furthermore, Palmer 
et al. (2000) suggest that the 
same restriction digest patterns 
were not observed from Ana-
tolia proper, implicating some 
geographic isolation between 
northwest Anatolia and the rest 
of the country.  This seemingly 
geographic isolation may act as 
natural preservation of the di-
versity of honeybees through-
out western Anatolia. 
The large amount of mtD-
NA mitotype genetic diversity 
of Turkish honey bees that 
we found has been observed 
in microsatellite analysis of 
honey bees from Turkey as 
well (Bodur et al. 2007). They 
found that the populations 
from the Black Sea (Artvin) Ta
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and Marmara (Kirklareli) had the lowest 
levels of gene flow based on pairwise Nm 
values. Our mtDNA results support the 
genetic distinctiveness of the Black Sea 
populations. However, unlike their find-
ings, our population from Kirklareli was 
not genetically distinct, and all sampled 
colonies consisted of mitotype C12. This 
discrepancy between mitochondrial and 
nuclear markers may be reflective of the 
maternal inheritance of mitochondrial 
DNA, and the Kirklareli population may 
be distinct for nuclear markers due to 
the polyandrous matings of queens with 
genetically distinct drones. 
The only other studies on mtDNA 
genetic diversity of honey bees in Turkey 
was conducted by Kandemir et al. (2006), 
and Palmer et al. (2000). The Kandemir 
et al. (2006) study involved PCR-RFLP 
analysis of the COI-COII marker using 
the restriction enzyme Dra I. A total 
of 7 different Dra I digest profiles were 
observed, with two profiles accounting 
for over 90% of the observed genetic 
diversity. In addition, individuals of each 
profile were subjected to DNA sequenc-
ing and only one profile TrDra-3 (Gen-
Bank AY618915) corresponded to one 
of our mitotypes, C13. The discrepancy 
between our results and theirs can be at-
tributed to the greater sensitivity of DNA 
sequencing to detect genetic variation, 
their use of only one restriction enzyme 
for PCR-RFLP, and the fact that only 3 
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of our 7 sampled populations overlapped with theirs. The study by Palmer 
et al. (2000) involved PCR-RFLP of the COI-COII region of 84 A. mel-
lifera colonies from across Turkey. Combined restriction site and sequence 
data of the non-coding region revealed four distinct mitotypes. Three of the 
mitotypes were of the eastern Mediterranean lineage while the fourth one 
that they observed from bees collected near Hatay, represented a new lineage 
within the range of A. m. syriaca. This agrees with our finding of A. m. syriaca 
from the same geographical area.
This study has provided useful insights into the levels of genetic variation 
and the phylogenetic relationships of honey bee populations from Turkey based 
on mtDNA COI-COII sequence data.  Other studies based on morphology 
have been less revealing (Güler & Kaftanoğlu 1999).  Our findings support 
Table 4. Gene flow (Nm) of Apis mellifera from seven locations in Turkey calculated with Nei (1982) 
(below axis), and observed FST values (above axis).
Location Artvin Hatay Giresun Gökçeada Sakarya Bursa Kirklareli
Artvin -- 0.67 1.00 0.71 0.80 0.53 1.00
Hatay 0.23 -- 0.08 0.22 0.07 0.19 0.08
Giresun 0.00 6.22 -- 0.30 0.07 0.08 0.00
Gökçeada 0.31 2.27 1.94 -- 0.23 0.27 0.30
Sakarya 0.25 8.05 19.50 0.00 -- 0.07 0.06
Bursa 0.13 11.50 17.13 1.78 8.86 -- 0.15
Kirklareli 0.00 5.88 0.00 1.84 18.00 15.83 --
Fig. 2.  Genealogical relationships among mitotypes of Apis mellifera “C” lineage from Turkey 
estimated by TCS (Clement et al. 2000). A unit branch represents one mutation and small ovals 
indicate mitotypes that were not observed.
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previous studies by Bodur et al. (2007), implicating Turkey as a resource of 
genetic diversity of A. mellifera and implores the need for conserving these 
genetic resources. Fragmentation of available land resources through urban-
ization, current apicultural migratory habits of honey producers,  and the 
identification of genetically distinct populations which demonstrate high 
degrees of genetic diversity must be considered for future genetic preserva-
tion of this group in Turkey. 
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